In 2007, the American Society of Plastic Surgeons formed a task force to conduct an assessment regarding the safety and efficacy of autologous fat grafting, specifically to the breast, and to make recommendations for future research. The task force formulated specific issues regarding fat grafting and then compiled them to focus on five broad-based questions: 1. What are the current and potential applications of fat grafting (specifically breast indications, and if data are available, other cosmetic and reconstructive applications)? 2. What risks and complications are associated with fat grafting? 3. How does technique affect outcomes, including safety and efficacy, of fat grafting? 4. What risk factors need to be considered for patient selection at this level of invasiveness? 5. What advancements in bench research/molecular biology potentially impact current or future methods of fat grafting? To answer these questions, the task force reviewed the scientific literature, critically appraised the information available, and developed evidence-based practice recommendations. Although the primary issue of interest was fat grafting to the breast, other aspects of fat grafting were evaluated. (Plast. Reconstr. Surg. 124: 272, 2009.) A renewed clinical interest in fat grafting for both reconstructive and aesthetic purposes has prompted plastic surgeons and other medical practitioners to perform such procedures. While it appears that these procedures are being performed more frequently and for broader indications, there is a relative lack of information for physicians to guide them in choosing optimal techniques, appropriate patient selection, and offering realistic advice on outcomes and potential complications to their patients. By conducting an evidence-based review, we will offer a graded summary of the evidence to help optimize the clinical use of fat grafts.
scientific literature and relevant clinical experience, describes a range of generally acceptable approaches to diagnosis, management, or prevention of specific diseases or conditions. This practice advisory attempts to define principles of practice that should generally meet the needs of most patients in most circumstances. This task force statement, however, should not be construed as a rule, nor should it be deemed inclusive of all proper methods of care or exclusive of other methods of care reasonably directed at obtaining the appropriate results. It is anticipated that it will be necessary to approach some patients' needs in different ways. The ultimate judgment regarding the care of a particular patient must be made by the physician in light of all the circumstances presented by the patient, the diagnostic and treatment options available, and available resources.
This task force statement is not intended to define or serve as the standard of medical care. Standards of medical care are determined on the basis of all the facts or circumstances involved in an individual case and are subject to change as scientific knowledge and technology advance, and as practice patterns evolve. This task force statement reflects the state of knowledge current at the conclusion of the task force's activities (March of 2008) . Given the inevitable changes in the state of scientific information and technology, periodic review and revision will be necessary.
In addition, it is important to note that recommendations of the task force are based on evidence available in the published literature, which often reflects only positive findings; studies with negative findings are rarely published. In order for the task force to make a strong recommendation (grade A) for or against fat grafting for specific applications, high-quality randomized controlled trials would be needed to further evaluate safety and efficacy.
METHODS

Literature Search and Admission of Evidence
This review involved a prospective, systematic method for identifying and evaluating current literature on autologous fat grafting. A comprehensive search of PubMed and the Cochrane Database of Systematic Reviews was performed by using the following search terms: autologous fat grafting, autogenous fat grafting, autologous fat transfer, autogenous fat transfer, autologous fat filler, autogenous fat filler, fat harvest, adipocyte harvest, lipoaspirate, lipotransfer, lipoinjection, lipoinfiltration, fat augmentation, adipose augmentation, adipocyte augmentation, and adipocyte graft.
Search limits restricted results to English-language articles that were indexed as human studies, clinical trials, randomized controlled trials, systematic reviews, case series, or case reports. As a task force member was fluent in French, Frenchlanguage manuscripts were included if they were relevant to the breast, which was the main focus of the task force. The original search resulted in 187 articles. Excluded from the literature selection were most articles addressing fat grafting with other types of grafts (i.e., dermal fat grafts) and fat grafting for non-plastic surgery applications. Articles of this nature were included only if deemed critical to the review (i.e., for review of complications). Also excluded were articles for which we were unable to access full text. Based on these final criteria, 110 articles were included in this review.
Critical Appraisal of the Literature
Relevant articles were categorized by study type: randomized controlled trial, systematic review, cohort study, case-control study, case series, or case report. Each article was critically appraised for study quality and assigned a corresponding level of evidence according to American Society of Plastic Surgeons Evidence Rating Scales (Table 1) .
Development of Clinical Practice Recommendations
Practice recommendations were developed through critical appraisal of the literature and consensus of the American Society of Plastic Surgeons Fat Graft Task Force. Recommendations are based on the strength of supporting evidence and graded according to the society's Grades of Recommendation Scale (Table 2 ). Grade A and B recommendations were made if there were highquality studies supporting a specific use or technique associated with fat grafting, while grade C or D recommendations were made if the level of evidence was low or inconsistent. Recommendations developed by the task force are provided throughout the document and also in Table 3 . The evidence regarding fat grafting applications consists mostly of case series and case reports and a few small, lesser-quality experimental studies. Preliminary results are encouraging and warrant further study in the area of fat grafting for various applications.
Breast Indications
While there is at least one registered prospective clinical trial (BRAVA, clinicaltrials.gov ID: NCT00466765) and other nonregistered prospective trials involving fat grafting to the breast, no randomized controlled trials were identified during the literature search. The available literature consists mostly of case series, case reports, and expert opinion and describes fat grafting for various breast indications, both cosmetic and reconstructive [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] (evidence level: IV, V). Several small case series and a case report describe fat grafting to the breast for augmentation and/or correction of defects due to medical conditions or previous breast surgeries. Combined, 283 patients had fat grafting procedures; approximate age range was 21 to 73 years.
In these reports, indications for fat grafting included:
• Micromastia • Postaugmentation deformity, with and without removal of implant • Tuberous breasts In most cases, fat grafting was accomplished by lipoinjection of autologous adipose tissue directly into breast tissue. Lipoinjection was performed in one to three stages, as needed. The amount of fat injected per operation per breast ranged 1.5 to 2.5 cc for nipple reconstruction, and 30 to 460 cc for augmentation and correction of defects. In contrast, one study injected fat into leaf-valve breast implants, thereby using fat as filler material instead of saline.
Of the 283 patients, most had satisfactory results, as reported by the patients and/or independent panels of surgeons. Follow-up ranged from 1 month to 10 years. Eight procedures (2.8 percent) were deemed unsuccessful (one failure in a patient receiving fat grafting to improve symptoms associated with radiotherapy damage; seven breasts (2.5 percent) showed no improvement from recontouring after reconstruction). Thirtysix complications (12.7 percent) or unfavorable sequelae were reported: three (1.1 percent) infections, 14 (4.9 percent) calcifications, 16 (5.7 percent) fat necroses, and three (1.1 percent) unspecified superficial lumps. In one study, two cases of breast cancer were diagnosed after augmentation (one in a nongrafted area; one in a potentially grafted area), but the investigators reported no delay in detection or treatment.
An additional case series, involving 30 patients who had undergone reconstruction and fat grafting for breast cancer, investigated the ability of imaging technologies to detect suspicious lesions. No interference with breast cancer detection was noted. The authors emphasize the need for biopsy in cases where imaging cannot provide definitive diagnosis.
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Other case reports describe complications associated with fat grafting to the breast (e.g., inflammation, calicifications, fat necrosis, and lifethreatening sepsis) [12] [13] [14] [15] [16] ; however, because most involve patients presenting to a surgeon who did not perform the procedure, details regarding the operating surgeon's technique and expertise are mostly unavailable. These reports were not included in the description of cases above.
Fat grafting may be considered for breast augmentation and correction of defects associated with medical conditions and previous breast surgeries; however, results are dependent on technique and surgeon expertise. Because longevity of the graft is unknown, additional treatments may be necessary to obtain the desired effect. In addition, fluctuations in body weight can affect graft volume over time (recommendation grade: B).
Other Indications Fat grafting has also been used for the following applications; however, the task force is unable to make recommendations regarding these applications without further research and analysis:
• Gluteal augmentation and repair of contour 
What risks and complications are associated with fat grafting?
The evidence for associated risks and complications consists mainly of case series and case reports documenting complications associated with fat grafting for various plastic surgery applications.
Potential complications/risks are described below.
Anesthesia-related complications:
No cases of anesthetic complications were reported. These complications are uncommon, and considering this procedure is typically done under local anesthesia, with or without sedation, the risk is considered low. Less than expected beneficial outcome 2, 11, 12, 23, [57] [58] [59] : Results from these procedures are typically reported as excellent or good; however, no standardized rating scales are available to evaluate outcome. Overall, graft volume loss, via reabsorption or necrosis, is the primary cause of poor results. Initial overcorrection, performed by an experience surgeon, can often compensate for this outcome. Instances of graft hypertrophy or overVolume 124, Number 1 • Autologous Fat Grafts growth have been documented; however, they appear to be rare. Other complications affecting aesthetic results include the formation of calcified and noncalcified masses (evidence level: IV, V).
Interference with breast cancer detection 2, 3, 9, [11] [12] [13] : Fat grafting to the breast could potentially interfere with breast cancer detection; however, no evidence was found that strongly suggests this interference. Two cases of breast cancer were reported after fat grafting to the breast, but there was no delay in detection or treatment. Radiological studies suggest that imaging technologies (ultrasound, mammography, and magnetic resonance imaging) can identify the grafted fat tissue, microcalcifications, and suspicious lesions; biopsies may be performed if needed for additional clarification. Based on a limited number of studies with few cases, there appears to be no interference with breast cancer detection; however, more studies are needed to confirm these preliminary findings (evidence level: IV, V).
Other risks 9,14,20,36,54,60 -63 : Considering the level of invasiveness during this procedure, the occurrence of unexpected, life-threatening complications should be measured. The available literature documents a low case number of fat embolism (including one pulmonary fat embolism resulting in the death of the patient), strokes, a single case of lipoid meningitis, as well as serious cases of infection including septic shock (evidence level: I, IV, V).
Overall, complication rates associated with fat grafting are not unduly high, considering the level of invasiveness of the procedure. Cases of severe complications and death appear to be extremely rare, and causation in these cases could not be fully determined. Therefore, the task force found no compelling evidence that would warrant a strong recommendation against autologous fat grafting. The risks associated with fat grafting procedures may actually be lower than for other types of surgery; however, no high-level studies comparing fat grafting to other procedures are available, and as such, surgeons should exercise appropriate caution. Fat grafting can be considered a safe method of augmentation and correction of defects associated with various medical conditions. With infection being a primary concern, the need for sterile technique should be emphasized. Patients should be made aware of the potential complications and should provide written informed consent acknowledging their understanding of these risks. See 
How does technique affect outcomes (safety and efficacy)?
The evidence consists mainly of case series, case reports, and animal studies describing specific techniques for several aspects of fat grafting. Evidence summaries for each aspect of fat grafting technique are presented below; however, the task force is unable to make recommendations without further research and analysis.
Harvest technique 3,24,28,49,64 -73 : The primary concerns to be addressed during tissue harvest are level of invasiveness (patient safety) and tissue viability (efficacy). With this in mind, exposure to air and mechanical damage should be minimized at this step. It is suggested that tissue harvest be performed using a 3-to 4-mm blunt cannula or similar needle, while utilizing minimal amounts of suction required for tissue extraction (evidence level: IV, V).
Harvest site 74 : The primary concerns to be addressed during choice of harvest site are adequate tissue volume, which is patient specific, and patient/physician preference. There is no compelling evidence regarding harvest site and efficacy of fat grafting (evidence level: V).
Graft preparation : To avoid contamination and maximize tissue viability, exposure to air and mechanical damage should be minimized. Many studies suggest that viable adipocytes should be separated from blood, serum, and damaged adipocytes via centrifugation (3000 rpm for 3 minutes) while still within the harvest syringe. Note, however, that centrifugation is typically described in revolutions per minute, not in terms of relative centrifugal force expressed in units of gravity. Because many microcentrifuges have settings only for speed, a formula for conversion is required to ensure that the appropriate setting is used. The relationship between revolutions per minute and relative centrifugal force is as follows: g ϭ (1.118 ϫ 10 Ϫ5 ) R S 2 , where R ϭ radius of rotor (center of rotor to sample), in centimeters, and S ϭ speed, rpm 78 (evidence level: IV, V).
Injection technique 3, 19, 24, 28, 49, 66, 77 : To optimize fat graft viability, mechanical damage of the tissue to be injected should be minimized. Graft injection should be performed using a 2-to 2.5-mm blunttipped infusion cannula or a similar blunt needle, and with injection occurring in multiple passes in the area of augmentation, resulting in small fat deposited with each pass (evidence level: IV, V).
Injection site 7,43,69,79 -83 : The primary concern to be addressed during choice of injection site inPlastic and Reconstructive Surgery • July 2009 volves the desired outcome of the procedure, which is patient specific. The evidence does not indicate whether or not injection site significantly effects graft viability (evidence level: IV, V).
Graft storage 51,84 -90 : Overall, tissue viability tends to drop significantly upon storage, which in turn may decrease fat graft efficacy. It is suggested that fat tissue be used fresh (evidence level: IV, V).
Use of epinephrine and lidocaine at the donor site 91 : The use of either epinephrine or lidocaine has not been shown to affect graft viability, though thorough investigations have not been performed. It is suggested that use of anesthetics at the injection site be minimally applied (evidence level: V).
What risk factors need to be considered for patient selection at this level of invasiveness?
No evidence was found that specifically addressed patient selection. Therefore, the recommendation was developed by consensus of the task force and is considered expert opinion. When determining whether or not a patient is an appropriate candidate for autologous fat grafting to the breast, physicians should exercise caution when considering high-risk patients (i.e., those with risk factors for breast cancer: BRCA-1, BRCA-2, and/or personal or familial history of breast cancer). Baseline mammography (within American College of Surgeons or American Cancer Society guidelines) is recommended (recommendation grade: D).
What advancements in bench research/molecular biology potentially impact current or future methods of autologous fat grafting?
The current evidence consists primarily of in vitro and animal studies describing cell/tissue manipulation to improve viability. 41,80,84,86 -89,92-111 These studies include variations in co-injection additives, pretreatment of graft site, and/or adipose tissue studies addressing compensatory increase fat response, oxygen requirements for graft viability, cell-culture techniques, graft storage and cryopreservation, and assays for graft survival. No randomized controlled trials were identified during the literature search. The nature of this question and lack of human data limit our ability to make recommendations; however, many of the studies indicate potential efficacy, justifying further research in these areas (evidence level: V).
CONCLUSIONS Clinical Applications
Based on a review of the current literature and a lack of strong data, the task force cannot make specific recommendations for the clinical use of fat grafts. Although fat grafts may be considered for use in the breast and other sites, the specific techniques of graft harvesting, preparation, and injection are not standardized. The results, therefore, may vary depending on the surgeon's technique and experience with the procedure. Although there are few data to provide evidence for long-term safety and efficacy of fat grafting, the reported complications suggest that there are associated risks. Regarding fat grafting to the breast, there are no reports suggesting an increased risk of malignancy associated with fat grafting. There is a potential risk of fat grafts interfering with breast physical examination or breast cancer detection; however, the limited data available suggest that fat grafts may not interfere with radiologic imaging in detecting breast cancer.
Future Research
The task force believes autologous fat grafting is a promising and clinically relevant research topic. The current fat grafting literature is limited primarily to case studies, leaving a tremendous need for high-quality clinical studies. While this evidence-based review resulted in few, if any, new data that would prompt a substantial change in the current state of fat grafting, the lack of new information poses two important questions: (1) are current methods of fat grafting still the accepted standard, or (2) is more research needed and should funding be directed toward new studies? For many aspects of fat grafting, the task force found the latter to be true and has suggested the following areas for future research:
• Randomized controlled trials to assess safety and efficacy of fat grafting for different indications • Randomized controlled trials to assess safety and efficacy of specific fat grafting techniques • Studies to further assess the effect of fat grafting on breast cancer detection and treatment • Studies to identify risk factors and improve patient selection for procedures involving fat grafting • Studies to investigate aspects of cell/tissue viability and graft survival, as well as long-term storage and banking of fat grafts. 
